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Children (WIC) provides enough formula to meet the known nutritional needs of
infants up to 6 months of age whose mothers report not breastfeeding, but many
mothers report WIC providing insufficient formula, indicating potential overfeeding.
Objective: To estimate the prevalence of potential overfeeding among formula-feeding WIC participants and identify associated factors.
Methods: Potential overfeeding was identified among participants of the longitudinal
Infant and Toddler Feeding Practices Study-2 (ITFPS-2) receiving the fully formulafeeding WIC infant package at 1 month of age (n = 1235, weighted n = 197 079).
Associations of potential overfeeding with caloric intake, weight and participant characteristics were assessed.
Results: Potential overfeeding was identified among 37.41% (95% CI = 33.5741.25%) of fully formula-feeding infants. Potentially overfed infants were 0.18 kg
heavier (P-value = .01), consumed 26 more calories daily (P-value = .004) and were
more likely Non-Hispanic White or English-speaking Hispanic (P-value = .007) and
highly active at 5 months of age (P-value = .01). Mothers of potentially overfed
infants were less likely to agree that breastfeeding is easier than bottle feeding, only
mothers can feed breastfed infants, turning away from the bottle indicates satiation,
and crying always indicates hunger (P-values .04, .002, .04 and .04 respectively), and
more likely to report WIC provides insufficient formula early (1-5 months, P-value
<.0001) and late (6-13 months, P-value = .007) in infancy.
Conclusions: Potential overfeeding occurs in 37% of fully formula-feeding infant
WIC-participants <6 months old. Mothers of these infants may benefit from additional education about the formula needs of their infants and how to recognize infant
satiation cues.
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study strategy for

sampling pregnant or

newly postpartum

(<2.5 months) women has been described in detail in prior publicaRapid weight gain during the first 2 years after birth is robustly associ1

tions.17 Mothers were eligible for enrollment in ITFPS-2 if they were

ated with heavier weight status later in childhood. Childhood obesity

enrolling in WIC for the first time (for the specified pregnancy or

is associated with increased risk of adult obesity and with a number of

infant), were 16 years of age or older, were not currently in foster

chronic health conditions.2-4 Obesity is highly prevalent among United

care, were not a foster parent to the enrolled infant, and were able to

5

States children, and more prevalent among children of low-income

complete English or Spanish telephone interviews. Infants enrolled in

households.6 There is extensive research on nutritional causes of early

ITFPS-2 (N = 3777) were included in this study if they were part of

childhood overweight and obesity,7 with lower obesity/overweight

the core sample, were receiving the fully formula-feeding infant pack-

risk reported among children fed breastmilk instead of formula,8 who

age at 1 month of age and were reported by their mother to be

are breastfed instead of bottle fed,9 and for whom complementary

receiving only formula at 1, 3 or 5 months of age (unweighted

foods and beverages (CFB) were introduced according to recommen-

n = 1235, weighted n = 197 079). Replicate sample weights were used

dation as opposed to earlier than recommended.10

to adjust for differential sampling and response rates to ensure that

The Special Supplemental Nutrition Program for Women, Infants

the estimates derived from this analysis were unbiased estimates for

and Children (WIC) is a federal nutrition assistance program that pro-

the entire source population of WIC-participants from the 80 WIC

vides nutrition education, healthy foods, breastfeeding support and

sites included in the sampling frame.18,19 Longitudinal data were avail-

service referrals to pregnant or postpartum women and children

able for the included infants up to 36 months of age.

under the age of 5 years in households with incomes below 185% of
the federal poverty level (FPL).11 WIC promotes breastfeeding among
enrolled postpartum women, however, a majority of participating
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Potential overfeeding

women with infants 2 months of age or older receive the fully formula-feeding package.12 Among WIC-participating children, the risk

Infants receiving the fully formula-feeding infant package are provided

of obesity is proportional to the number of months they were enrolled

with 403 and 442 fl oz of formula by WIC monthly from 0 to 3.9 and

in an infant package that provides formula, with children fully formula

4.0 to 5.9 months, respectively,20 which is enough to meet all of their

fed from birth to 12 months of age having the highest risk of obesity

known nutritional needs before the introduction of CFB.14 These

at 4 years of age.13 The fully formula-feeding infant package provided

infants enrolled in the fully formula-feeding package were identified

by WIC is designed to provide enough formula to meet all known

as experiencing potential overfeeding (ie, consuming formula in excess

nutritional needs for the infants receiving it between 0 and 5.9 months

of what WIC provides) if their mother reported that they were getting

of age.14 However, many WIC-participating mothers report needing

formula for the infant from WIC and another source in any of the sur-

more formula than is provided,15 which may suggest that some fully

veys conducted at 1 (15.69% of respondents), 3 (23.89% of respon-

formula-fed WIC-participating infants are being fed more than is rec-

dents) or 5 (27.34% of respondents) months of age. WIC-participating

ommended or the formula provided is being wasted.

infants with a medical condition that requires special nutritional guid-

The Infant and Toddler Feeding Practices Study-2 (ITFPS-2) is
a national and longitudinal study of WIC participating mothers and

ance receive therapeutic formula packages and were not included in
this study.

children up to 6 years of age designed to assess feeding practices
and the health behaviors of children enrolled in WIC.16 The present
study was designed to assess the prevalence of potential overfeed-
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Outcomes

ing among fully formula-fed WIC-participating infants in ITFPS-2,
to assess longitudinal differences in caloric intake and infant

Additional outcomes of interest in this study, besides potential over-

weight between infants experiencing and not-experiencing poten-

feeding, were daily calories consumed and infant weight. Daily calo-

tial overfeeding up to 36 months of age, and to identify maternal

ries were calculated from 24-hour dietary recalls collected as part of

or child traits and feeding behaviors associated with potential

each survey of the study participants between 1 and 36 months of

overfeeding.

age. Dietary recalls were administered over the phone, using the
USDA Automated Multiple Pass Method.21 Details of the dietary
intake assessment have been published previously.22 Infant weight
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was measured in grams, and was available for 84% of study participants at two or more times between birth and 36 months of age.
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Participants

Infant weight was available from WIC administrative data, measured
by trained WIC staff, for infants who continued to participate in WIC.

Study participants were drawn from the longitudinal ITFPS-2, which

For infants who were no longer enrolled in WIC, attempts were made

was designed to be representative of the study-eligible national popu-

to collect weight from the infant's healthcare provider, during a home

lation of WIC-participants during the study recruitment period.16 The

health agency visit arranged as part of the study, or by asking the

mother to return to a WIC clinic to have her infant's weight

5 months of age. Mothers provided information about individual con-

measured.

tacts that provided input about infant feeding decisions including her
boyfriend/husband, her mother, other relatives, friends, WIC staff or a
physician. Responses were coded as yes or no, and the number of cat-
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Covariates

egories of contacts was calculated by adding 1-point for each affirmative response. Breastfeeding intent was assessed with the Infant

Variables that were available for inclusion in this study included child,

Feeding Intentions scale.24 Mothers responded to questions about

maternal, and household characteristics. Children were characterized

the strength of agreement with a series of questions about infant

by demographic characteristics including sex, race/ethnicity (non-His-

feeding and cues on a Likert scale (strong disagreement, disagree-

panic Black, non-Hispanic White, non-Hispanic Other, Spanish speak-

ment, neutrality, agreement and strong agreement), which were then

ing Hispanic and English speaking Hispanic), in addition to

dichotomized (strong agreement and agreement vs neutral, disagree-

dichotomous variables for birth factors including low birthweight,

ment and strong disagreement). Maternal perception of the amount of

delivery ≥3 weeks preterm, Cesarean section, and any delivery com-

formula provided by WIC was assessed in each survey (when infants

plications. English and Spanish speaking Hispanics were separated in

were 1, 3, 5, 7, 9, 11 or 13 months of age). A dichotomous variable

the race/ethnicity categorization due to prior associations between

indicating that WIC provides insufficient formula was created for early

language preference and infant feeding choices13 and WIC enrollment

infancy (1, 3 or 5 months) and late infancy (7, 9, 11 and 13 months) if

and retention.23 Frequency of infant activity was assessed by mater-

a mother reported that the amount of formula provided by WIC was

nal report at 5 (tummy time, rolling around, playing with a ball) and 13

not enough for any survey in either age period.

(play wrestling, chasing, tumbling, playing with a ball) months of age
(everyday, several times per week, once per week, or not at all). Activity scores were calculated at each point by adding 3 points for each
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Analysis

“everyday” activity, 2 points for each “several times per week” activity,
1 point for each “once a week” activity and 0 points for “not at all”

All statistical analyses were weighted with ITFPS-2 sample weights

activities. A variable for high activity was created at each age (scores

for the core-sample at the 1-month interview (when the fully formula

≥5 at 5 months, scores ≥7 at 13 months). Mothers were characterized

feeding WIC infant package was assessed) to accommodate unequal

by marital status (yes or no), co-habitation status (yes or no), overweight/

sampling rates and nonresponse. Differences in the number of daily

obesity status at screening (yes or no), prior parity (yes or no),

kilocalories consumed and infant weight between infants experiencing

breastfeeding history (any or none), timing of enrollment in WIC (first,

and not experiencing potential overfeeding were assessed longitudi-

second or third trimester of pregnancy or postnatally), age at delivery

nally with mixed effects models that were adjusted for infant charac-

(<20 or ≥20 years), education (<high school, high school or >high school)

teristics identified a priori as potential confounders (sex, age)25,26 or

and receipt of other government benefits (any or none). Households

that differed between infants experiencing and not experiencing

were characterized with income (<75% FPL, 75-130% FPL or >130%

potential overfeeding (preterm birth, high activity at 5 months, low

FPL) and food security status (very low, low or high/marginal).

birthweight, race/ethnicity),27 incorporating sampling weights, random

Non-recommended bottle feeding practices were characterized

intercepts and a random effect for age. An interaction of age with the

by dichotomizing (ever or never) responses to questions about the fre-

potential overfeeding variable was included to assess differences in

quency of mixing formula with extra water, mixing formula with less

the rate of change for daily caloric intake and weight by potential

water, adding bottle sweetener, using a bottle with an extra-large nip-

overfeeding status, but these terms were removed when they were

ple hole, propping up the infant's bottle, encouraging the infant to fin-

found to be non-significant. Results of a sensitivity analysis excluding

ish the contents of the bottle, and feeding on a schedule. Total and

preterm infants did not differ from the main results, and are therefore

formula-specific daily feeding frequency were characterized continu-

not presented. Infants identified as experiencing and not experiencing

ously by maternal report in 24-hour dietary recalls at 1, 3 and

potential overfeeding were characterized with frequencies or means

TABLE 1
Daily energy consumption and weight for WIC-participating formula feeding infants experiencing potential overfeeding and nonoverfeeding in ITFPS-2 (N = 197 079)
Potential Overfeeding
β (SE)

Variable
Daily calories (kilocalories)
Weight (kilograms)b

a

Non-overfeeding
β (SE)

P-value

26.10 (8.94)

Ref.

.004

0.18 (0.07)

Ref.

.01

Note: Bold values indicate statistical significance (P < 0.05).
Longitudinal mixed effects model was adjusted for low birthweight, preterm delivery, high activity at 5 months of age, race/ethnicity, child sex and age.
Model also included random intercept and random effect for age. Group difference in reported daily caloric intake is estimated at 18 months.
b
Longitudinal mixed effects model was adjusted for low birthweight, preterm delivery, high activity at 5 months of age, race/ethnicity, child sex and age.
Model also included random intercept and random effect for age. Group difference in measured weight is estimated at 18 months.
a

TABLE 2
Characteristics of fully formula feeding children, their mothers and households, from the Infant and Toddler Feeding Practices
Study (ITFPS-2) by potential overfeeding status between 1 and 5 months of agea

Variables

Full sample
N = 197 079

Potential overfeeding
N = 73 724

102 086 (51.80)

39 676 (53.82)

Non-overfeeding
N = 123 355

P-value*

Child, birth factors
Male, n (%)

62 410 (50.59)

Non-Hispanic black

45 079 (22.87)

14 834 (20.12)

30 245 (24.52)

Non-Hispanic white

58 382 (29.62)

28 104 (38.12)

30 278 (24.55)

Non-Hispanic other

12 206 (6.19)

3458 (4.69)

8748 (7.09)

Hispanic Spanish speaking

38 001 (19.28)

8607 (11.67)

29 394 (23.83)

43 410 (22.03)

18 720 (25.39)

24 690 (20.02)

17 008 (8.63)

3753 (5.09)

13 255 (10.75)

Hispanic English speaking
Low birthweight, n (%)

.59
.007

Race/ethnicity, n (%)

.07

≥3 weeks preterm, n (%)

26 456 (13.42)

6294 (8.54)

20 162 (16.37)

.06

Cesarean section delivery, n (%)

71 897 (36.48)

27 921 (37.87)

43 976 (35.65)

.57

26 189 (13.29)

8660 (11.75)

17 529 (14.21)

.54

High activity (5 m), n (%)

Delivery complications, n (%)

109 408 (55.51)

47 541 (64.49)

61 867 (50.15)

.01

High activity (13 m), n (%)

77 088 (39.12)

32 505 (44.09)

44 583 (36.14)

.17

Maternal, household factors:
Married, n (%)

46 214 (23.45)

15 803 (21.44)

30 411 (24.65)

.43

Cohabiting with child's father, n (%)

94 155 (47.78)

34 006 (46.13)

60 149 (49.23)

.50

109 646 (55.64)

44 046 (59.74)

65 600 (53.18)

.20

First pregnancy, n (%)

Overweight or obese, n (%)

78 585 (39.87)

28 331 (38.43)

50 254 (40.74)

.65

Any prior breastfeeding, n (%)

80 125 (40.66)

30 496 (41.37)

49 629 (40.23)

.79

Timing of WIC enrollment, n (%)

.80

First trimester

52 200 (26.49)

20 769 (28.17)

31 431 (25.48)

Second trimester

79 581 (40.38)

29 506 (40.02)

50 075 (40.59)

Third trimester

32 001 (16.24)

12 235 (16.60)

19 766 (16.02)

Postnatal

33 296 (16.89)

11 214 (15.21)

22 082 (17.90)

25 478 (12.93)

7931 (10.76)

17 547 (14.22)

Age < 20 at birth, n (%)

<High school

55 180 (28.00)

16 713 (22.67)

38 467 (31.22)

High school

73 357 (37.22)

29 570 (40.11)

43 787 (35.54)

>High school

68 386 (34.70)

27 441 (37.22)

40 945 (33.24)

169 893 (86.21)

62 959 (85.40)

106 934(86.69)

134 180 (68.08)

48 033 (65.15)

86 147 (69.84)

75 to 130% FPL

45 616 (23.15)

19 130 (25.95)

26 486 (21.47)

>130% FPL

17 283 (8.77)

6562 (8.90)

10 721 (8.69)

101 501 (51.50)

34 983 (47.45)

66 518 (53.92)

Receive other benefits, n (%)
Household Income, n (%)
<75% FPL

.73
.56

Household food security, n (%)
High/marginal

.33
.11

Maternal education, n (%)

.31

Low

61 617 (31.27)

24 856 (33.71)

36 761 (29.80)

Very low

33 961 (17.23)

13 885 (18.83)

20 076 (16.27)

Abbreviations: FPL, federal poverty level; WIC, Special Supplemental Nutrition Program for Women, Infants and Children;
*P-values were determined for the weighted sample by Rao-Scott modified χ 2.
a
Numbers of subjects presented in this table represent the weighted sample incorporating statistical weights to accommodate differential sampling and
response rates.

and standard error (SE) of the mean. Statistical comparisons for characteristics of infants experiencing and not experiencing potential
overfeeding in the weighted sample were performed with Rao-Scott
modified χ 2 tests or F-tests for categorical and continuous variables,
respectively. No adjustment was done for multiple testing.28 All analyses were performed using SAS 9.3 (SAS Institute, Cary, North Carolina). P-values <.05 indicate statistical significance.
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RESULTS

Of the 197 079 fully formula-fed infants in the weighted sample,
73 724 (37.41%, 95% CI = 33.57-41.25%) were identified as
experiencing potential overfeeding between 1 and 5 months of age.
Daily kilocalorie consumption was higher at every dietary recall for
infants experiencing potential overfeeding than infants not experiencing potential overfeeding from 1 to 36 months of age, with those
experiencing potential overfeeding consuming significantly more calories per day (26.10 kcal, P-value .004) than those not experiencing
potential overfeeding in the fully adjusted longitudinal mixed effects
model (Figure 1 Panel A, Table 1). Infants experiencing potential overfeeding weighed more than infants not experiencing potential overfeeding at every measurement from 0 to 36 months of age and were
significantly heavier (0.18 kg, P-value .01) in the fully adjusted longitudinal mixed effects model (Figure 1 Panel B, Table 1). Differences for
energy intake and weight are reported at 18 months (the mid-point of
the age distribution of the measurements).
Few infant characteristics were associated with potential overfeeding (Table 2). Infant race/ethnicity was significantly associated
with potential overfeeding with Non-Hispanic White and Englishspeaking Hispanic infants being overrepresented among those
experiencing potential overfeeding, representing 38.12 and 25.39% of
infants experiencing potential overfeeding but only 24.55 and 20.02%
of infants not experiencing potential overfeeding, respectively (P-

F I G U R E 1 Daily energy consumption and weight for women,
infants and children (WIC)-participating formula feeding infants
experiencing potential overfeeding and non-overfeeding in ITFPS-2.
A, Daily caloric intake based upon 24-hour dietary recalls between 1
and 36 months of age. B, Child weight in kilograms between 0 and
36 months of age. Note: Reported daily kilocalories and measured
weight in kilograms for 197 079 infants in the weighted sample of
formula feeding infants, unadjusted for covariates. No statistical test
was performed based on these weighted but unadjusted kilocalorie
and body-weight values

value .007). Potentially overfed infants were more likely than nonoverfed infants to be categorized as high activity at 5 months of age

is full (67.42 vs 76.43%, P-value .04) and that crying always indicates that

(64.49 vs 50.15%, P-value .01), but this activity difference was not

an infant is hungry (22.05 vs 32.50%, P-value .04). Maternal perception

observed at 13 months of age. No maternal or household characteris-

of the amount of formula provided by WIC was significantly associated

tics were associated with potential overfeeding.

with potential overfeeding, with mothers of infants experiencing poten-

No differences were observed between infants experiencing and

tial overfeeding significantly more likely than mothers of infants not

not experiencing potential overfeeding with regards to bottle feeding

experiencing potential overfeeding to report that WIC provides insuffi-

practices or the daily frequency of feedings (total and formula) between

cient formula when their infants were between 1 and 5 months of age

1 and 5 months of age (Table 3). No differences were observed for the

(60.31 vs 24.82%, P-value <.0001) or between 7 and 13 months of age

individuals that the mother spoke to about her feeding decisions or

(61.58 vs 48.31%, P-value .007).

breastfeeding intent (data not shown). Significant associations were identified for mothers' breastfeeding beliefs, with mothers of infants
experiencing potential overfeeding less likely than mothers of infants not

4
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experiencing potential overfeeding to agree that “when breastfeeding,
only the mother can feed the baby” (53.24 vs 64.87%, P-value .002) or

Potential overfeeding during early infancy was identified in 37.41% of

that “breastfeeding is easier than bottle feeding” (61.99 vs 70.42%, P-

fully formula-fed WIC-participating infants based upon a large longitu-

value .04). Mothers of infants experiencing potential overfeeding were

dinal assessment of infant and toddler feeding practices in the ITFPS-

less likely than mothers of infants not experiencing potential overfeeding

2. In longitudinal analyses of repeated dietary recall and weight mea-

to agree that an infant turning away from the bottle indicates the infant

surements, infants who experienced potential overfeeding consumed

TABLE 3

Maternal reported infant feeding practices and beliefs by potential overfeeding status identified between 1 and 5 months of agea

Variable

Potential overfeeding

Non-overfeeding

N = 73 724

N = 123 355

P-value*

Feeding practices, n (%)
Encourage infant to finish bottle

54 126 (73.42)

82 405 (66.80)

.17

Prop bottle up when feeding

27 268 (36.99)

37 193 (30.15)

.15

Mix formula with extra water

6559 (8.90)

7805 (6.33)

.24

Mix formula with less water

2930 (3.97)

4194 (3.40)

.76

Add bottle sweetener

28 159 (38.20)

44 664 (36.21)

.71

Extra-large bottle hole

17 918 (24.30)

34 878 (28.27)

.35

Feeding on schedule (1-5 m)

54 784 (74.31)

88 524 (71.76)

.52

Feeding on schedule (7-13 m)

45 238 (61.36)

70 960 (57.53)

.31

Daily feedings (1 m), Mean ± SEM

8.17 ± 0.18

8.15 ± 0.16

.96

Daily formula feedings (1 m), Mean ± SEM

7.41 ± 0.18

7.17 ± 0.14

.70

Daily feedings (3 m), Mean ± SEM

6.97 ± 0.13

7.04 ± 0.15

.90

Daily formula feedings (3 m), Mean ± SEM

6.64 ± 0.12

6.64 ± 0.13

1.00

Daily feedings (5 m), Mean ± SEM

6.79 ± 0.19

6.85 ± 0.15

.93

Daily formula feedings (5 m), Mean ± SEM

6.22 ± 0.17

6.30 ± 0.13

.91

She plans to use formula

22 775 (39.88)

35 624 (38.60)

.91

b

Mom agrees that…, n (%)

Breastfeeding is all an infant needs

43 718 (78.23)

71 098 (79.23)

.99

If breastfeeding, only mom can feed baby

29 848 (53.24)

59 867 (64.87)

.002

She knows baby getting enough with bottle

50 992 (90.18)

77 643 (84.98)

.38

Breastfeeding is easier

34 097 (61.99)

63 147 (70.42)

.04

Baby should always finish bottle

18 358 (26.05)

36 973 (33.67)

.12

Baby knows when it is full

64 735 (92.20)

100 403 (91.44)

.79

Baby weight influences feeding decisions

21 996 (31.23)

34 816 (32.21)

.85

Turning away from bottle means baby is full

47 395 (67.42)

83 803 (76.43)

.04

Sucking hands always means baby is hungry

30 242 (42.89)

51 310 (46.73)

.45

Crying always means baby is hungry

15 546 (22.05)

35 684 (32.50)

.04

WIC provides insufficient formula (1-5 m), n (%)

44 465 (60.31)

30 620(24.82)

<.0001

WIC provides insufficient formula (7-13 m), n (%)

45 400 (61.58)

59 597(48.31)

.007

Note: Bold values indicate statistical significance (P < 0.05).
Abbreviations: M, months; SEM, SE of the mean; WIC, Special Supplemental Nutrition Program for Women, Infants and Children.
*P-values were determined for the weighted sample by Rao-Scott modified χ 2 or F test for categorical and continuous variables, respectively.
a
Numbers of subjects presented in this table represent the weighted sample incorporating statistical weights to accommodate differential sampling and
response rates.
b
Responses to response scales were dichotomized: strongly agree, agree and neutral were combined into one category, while disagree and strongly disagree were combined into a second category.

significantly more calories daily and were significantly heavier than

indicates hunger. Mothers of infants experiencing potential overfeed-

infants who did not experience potential overfeeding. Few infant,

ing were significantly more likely to report that WIC provides too little

maternal, or household characteristics were associated with this

formula in early and late infancy than mothers of infants not

potential overfeeding, but Non-Hispanic white and English speaking

experiencing potential overfeeding.

Hispanic children were more likely to experience potential overfeeding, and infants experiencing potential overfeeding were more likely
to be classified as high activity at 5 months of age. Lower percentages
of mothers of infants experiencing potential overfeeding agreed that

4.1 | Associations between potential overfeeding,
energy intake and weight

during breastfeeding that they alone could feed their infants, that
breastfeeding is the easiest option for feeding their infants, that an

Excess energy consumption in formula-fed infants is a problem which

infant who turns away from the bottle is full, or that crying always

contributes to excess weight gain,29 and intake was determined to be

higher than expected energy requirements by an average of 8% for

if mothers terminate feeding in response to infant satiation cues, but

infants under 6 months of age and by 22% for infants between 6 and

do not reduce the amount of formula prepared for feedings, this may

11 months of age in the Feeding Infants and Toddlers Study 2008.30

contribute to excess discarded formula and misclassification of infants

Fully formula-fed infants experiencing potential overfeeding in this

as potentially overfed. Given the limited scope of ITFPS-2 questions

study were found to be consuming 26 additional kilocalories per day

on maternal sensitivity and responsiveness to infant hunger and satia-

compared to fully formula-fed infants not experiencing potential over-

tion cues, and the correlational nature of this study, further research

feeding. Graulau et al (2019) found that 43.2% of WIC-participating

is needed to better understand the mechanisms underlying these

mother-infant dyads in Hawaii and Puerto Rico who use formula con-

associations.

sumed formula above recommendations,31 which is similar to the esti-

Another possible explanation for potential overfeeding could be

mate of 37.41% from this national sample of WIC participants. In

related to errors in formula preparation. Recent research has identi-

contrast to the presently reported association between potential

fied unintentional excess formula dispensed in 78% of bottles, regard-

overfeeding and infant weight, the study in Hawaii and Puerto Rico

less of size, in a laboratory setting and over-dispensing formula during

did not identify an association between amount of formula consumed

bottle preparation was more common in caregivers of children and

(below recommendation vs at recommendation or above recommen-

younger adults.38 This may suggest that unintentional measurement

dation) and either weight gain during the 4 months follow-up or

error while dispensing formula contributes to excess consumption of

weight status at the follow-up visit between 4 and 6 months of age.31

formula among WIC participants. A study evaluating the readability of

This difference between the two studies may be due to the small sam-

instructions on commercial infant formula packaging identified that

ple size in that study, a follow-up that was too short to detect differ-

the directions for preparation and use and storage have an average

ences, the categorization of anthropometric outcomes or unmeasured

reading difficulty requiring the equivalent of a college level educa-

confounding factors. A longitudinal study in the United Kingdom iden-

tion.39 There was no assessment of maternal literacy in the present

tified associations between the amount of formula (high or low) con-

study, but there was no association between self-reported maternal

sumed at 8 months of age and child weight at 18 months of age,32

educational attainment and potential overfeeding in this study.

which is similar to the difference in weight identified between infants

Because the majority of mothers in this study of a national sample of

experiencing and not experiencing potential overfeeding in this study.

WIC participants had a high school degree or lower educational
attainment, a mismatch between literacy demands of formula packaging and maternal education may contribute to the identified potential

4.2 | Infant and maternal correlates of potential
overfeeding

overfeeding of infants. Potential overfeeding infants were more likely
than non-overfeeding infants to be highly active at 5 months of age,
however the association between potential overfeeding and activity

Promotion of responsive feeding, defined as feeding practices that are

dissipated by 13 months of age. It is possible that high activity chil-

infant-led and responsive to infant hunger and satiation cues, has

dren demonstrate hunger more often than their less active counter-

been a primary focus of efforts aimed at reducing overfeeding and

parts, and therefore a proportion of the infants identified as

rapid weight gain during infancy.33 Thus, one potential contributor to

experiencing potential overfeeding may be fed appropriately for their

excess energy consumption for infants in the present study may have

elevated activity level.

been mothers' misinterpretation of infant cues leading to overfeeding

The absence of association between potential overfeeding and

given identified associations between how mothers interpret infant

maternal education and socio-economic status was unexpected. In a

cues and potential overfeeding. Specifically, a smaller proportion of

prior study among low-income immigrant Latina mothers recruited

potentially overfed infants had a mother who believed that turning

from WIC centers in the southeastern United States, greater maternal

away from a bottle means that the baby is full or that crying always

education was significantly associated with healthier feeding prac-

means the baby is hungry. That mothers of potentially overfeeding

tices,40 which conflicts with the present findings of no association

infants were less likely to interpret crying as a sign of hunger was

between potential overfeeding and lower maternal education. This

unexpected, as associations between maternal sensitivity to infant

discrepancy could be due to greater detail on the educational attain-

cues during feeding and amount fed to bottle fed infants,34 the ability

ment of those who did not complete high school in the prior study, or

of infants to self-regulate intake,35 and healthier infant weight gain36

the much smaller proportion of the sample from that study who com-

have been reported. However, these findings are consistent with prior

pleted high school or more than high school (19% and 3%, respec-

research that indicated mothers are less responsive to cues for satia-

tively) compared to the present study (37% and 35% completed high

37

tion than hunger.

Taken together, the absence of feeding frequency

school or more than high school, respectively). Prior research has

differences and the lower attribution of crying to hunger suggests that

identified associations between bottle feeding practices such as

mothers of potentially overfed infants may be adequately dis-

adding sweetener or cereal to a bottle and overfeeding or weight gain

tinguishing hunger from other cues, whereas the lesser recognition of

among of formula feeding infants,41 however the present study did

turning away from the bottle as a satiation cue suggests potential

not identify associations between self-reported bottle feeding prac-

overfeeding may be attributable to lower responsiveness to infant

tices and whether participating infants experienced potential

satiation cues leading to greater intakes during feedings. Alternatively,

overfeeding.

4.3
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